A b s t r a c t A
s t u d y has been made o f t h e e f f e c t o f buoyancy c o n v e c t i o n d u r i n g t h e d i r e c t i o n a l s o l i d i f i c a t i o n o f A l Z n e u t e c t i c a1 l o y , Exper i m e n t s have been conducted u s i n g a Bridgman-Stockbarger a r r a n g ement w i t h t h e f u r n a c e moving a l o n g t h e specimen. The a p p a r a t u s r o t a t e d around t h e h o r i z o n t a l a x i s , w h i c h made i t p o s s i b l e t o c a r r y o u t measurements a t d i f f e r e n t a n g l e s I3 c o n t a i n e d by t h e g r a v i t y and t e m p e r a t u r e g r a d i e n t v e c t o r s i n t h e specimen.
The a n i s o t r o p y o f b o t h t h e l i n e a r t h e r m a l expansion c o e f f ic i e n t a and t h e hardness HK measured b y t h e Knoop method has been s t u d i e d . The d i l a t a t i o n measurements c o n f i r m e d t h e expected a n i s ot r o p y o f t h e l i n e a r t h e r m a l e x p a n s i o n o f d i r e c t i o n a l l y s o l i d i f i e d specimens. The v a l u e s o f HK c o r r e s p o n d w i t h t h e l a m e l l a r s p a c i n g measured i n t h e m e t a l l o g r a p h i c s t u d y .
I n t r o d u c t i o n
One o f t h e t r e n d s i n c u r r e n t m a t e r i a l s r e s e a r c h i s t h e r e s e a r c h o f t h e f o r c e e f f e c t s o f g r a v i t y on t h e c r y s t a l l i z a t i o n o f m e t a l s . S t u d i e s i n t o t h e mechanism o f f l o w a r e r a t h e r d i f f i c u l t i n n o n -t r a n s p a r e n t m e t a l l i c l i q u i d s , inasmuch as t h e a p p l i c a t i o n o f o p t i c a l t e c h n i q u e s i s p r e c l u d e d . The t e c h n i q u e w h i c h i s most f r eq u e n t l y used f o r t h i s purpose i s t h e measurement o f t e m p e r a t u r e g r a d i e n t s and t e m p e r a t u r e f l u c t u a t i o n s .
An i m p o r t a n t f a c t o r a f f e c t i n g t h e g r o w t h o f a c r y s t a l f r o m t h e m e l t i s t h e buoyancy c o n v e c t i o n caused by t e m p e r a t u r e and concent r a t i o n g r a d i e n t s . The i n t e n s i t y o f t h e development o f buoyancy c o n v e c t i o n depends on t h e p h y s i c a l p r o p e r t i e s o f t h e m e l t , t h e amp o u l e used, t h e t e m p e r a t u r e g r a d i e n t a l o n g t h e specimen and t h e o r i e n t a t i o n o f t h e specimen i n t h i s f i e l d o f g r a v i t y [ I ] .
Recent measurements i n f u l l y m o l t e n specimens show t h a t an a x i a l l y l o c a t e d i n s e r t (used f o r t h e t e m p e r a t u r e measurement) s e rves as a p a s s i v e a g i t a t o r w h i c h i n c r e a s e s t h e t r a n s f e r o f h e a t and
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i n e d by t h e t e m p e r a t u r e g r a d i e n t i n specimen and t h e g r a v i t y v e c t o r [ 2 , 3 ] . Var i o u s t y p e s o f m e l t c o n v e c t i o n was a l s o s t u d i e d . The a m p l i t u d e s o f t e m p e r a t u r e f l u c t u a t i o n s i n t h e m e l t do n o t g i v e e x p l i c i t i n f o r m at i o n on t h e t o t a l e f f e c t i v e i n t e n s i t y o f c o n v e c t i o n , b u t o n l y on t h e l e v e l o f t h e i n s t a b i l i t y o f c o n v e c t i o n [ 4 ] .
I n a d d i t i o n , t h e buoyancy c o n v e c t i o n depends s i g n i f i c a n t 1 y on t h e s i z e and shape o f t h e ampoule.
F
n c y l i n d r i c a l g r a p h i t e ampoules ( i n n e r d i a m e t e r 11 o r 22 mm) w i t h s t a i n l e s s s t e e l i n s e r t s ( o u t e r d i a m e t e r 2 mm) l o c a t e d i n t h e a x i s o f t h e ampoule and/or near t h e w a l l o f t h e c y l i n d r i c a l
ampoule.
Temperature was measured w i t h NiCr-Ni j a c k e t e d thermocouples ( 1 mm o r 0 . 5 mm d i a m e t e r ) . The a p p a r a t u s r o t a t e d around i t s h o r iz o n t a l a x i s ; t h u s t h e a n g l e 8 c o n t a i n e d b y t h e a x i a l t e m p e r a t u r e g r a d i e n t v e c t o r i n t h e specimen G and t h e g r a v i t y v e c t o r g c o u l d be changed.
For d i l a t o m e t r i c measurements t h e specimens were p r e p a r e d by d i f f e r e n t g r o w t h v e l o c i t i e s v ( 0 . 2 -1000 pm/s, B = 180"). These specimens were used f o r t h e hardness measurement by t h e Knoop method ( 4 . 9 1 N, 30 s e c . ) and f o r m e t a l l o g r a p h i c e v a l u a t i o n o f t h e dependence o f t h e l a m e l l a r s p a c i n g on t h e c r y s t a l l i z a t i o n v e l o c i t y v . Hardness HK was measured on t h e c r o s s s e c t i o n o f specimens b o t h p a r a l l e l and p e r p e n d i c u l a r t o t h e l a m e l l a e .
R e s u l t s and D i s c u s s i o n The d i l a t a t i o n measurements
c o n f i r m e d t h e a n i s o t r o p y o f t h e 1 i n e a r t h e r m a l e x p a n s i o n a o f d i r e c t i o n a l l y s o l i d i f i ed samples o f A l -Z n e u t e c t i c , f i g u r e 1. The v a l u e s o f t h e c o e f f i c i e n t a i n r a d i a l d i r e c t i o n was o b t a i n e d a s t h e average o f t w o v a l u e s measured i n t w o p e r p e n d i c u l a r d i r e c t i o n s .
I t can be seen t h a t t h e g r o w t h v e l o c i t y 1000 pm/s i s t o o h i g h
t o f o r m a good u n i d i r e c t i o n a l s t r u c t u r e h a v i n g s i g n i f i c a n t d i f f e r e n c e between a v a l u e s i n a x i a l and r a d i a l d i r e c t i ons. t h e a n g l e B = 0". Because o f t h e v e r y s m a l l g r o w t h v e l o c i t y t h e c r y s t a l l i z a t i o n i n t e r f a c e i s s t r o n g l y a f f e c t e d by t h e t e m p e r a t u r e f l u c t u a t i o n s . The measurement of the hardness at the direction parallel to the lamellae (figure 3) shows an increasing in dependence on increasing of the growth velocity which correspondent to an decreas sing of the lame1 lar spacing. Hardness t{K measured in perpendicular direction seems to be relatively independent on the crystallization velocity.
Concl usi ons
The dilatometric measurements showed that the crystallization velocity over 100 pm/s significantly decreases the quality of structure unidirectional i ty. It could be said that the di latometry is a suitable method for the determination of the level of unidirectionality of the AlZn eutectic in dependence on the proces parameters; in this case on cr stallization velocity. The hardness J' measurement confirmed that the mechanical properties of directional 1 y sol idi f i ed specimens depend on the lamel ar spacing.
